INTRODUCTION
The safety and quality of drinking water is crucial to commu- In the past nine years, seven cross-sectional, communitylevel surveys with drinking water assessment components were performed within specific regions of Ontario (Jones et al. a, b, unpublished; Pintar et al. ) , British Columbia (Jones et al. b) , and Newfoundland and Labrador (Butt ; Roche & Jones unpublished) . The overall purpose of the present study was to pool the data from the seven studies in order to estimate Canadian drinking water consumption patterns. The specific objectives were to: (a) describe the drinking water consumption patterns of Canadians; (b) identify associations between the amount of tap water consumed per day and bottled water use, home water treatment use and demographic characteristics of the participants; and (c) compare the characteristics of tap water and non-tap water users.
METHODS Datasets
Data from seven cross-sectional studies (2001) (2002) (2003) (2004) (2005) (2006) (2007) were used in this study and are described in detail in Table 1 .
While the studies varied with respect to primary interest (e.g. endemic gastrointestinal disease and public perception of water quality), they all collected information pertaining to drinking water consumption patterns (tap and bottled water), the type of in-home water treatment methods used (if any) and participant demographics.
Free and informed consent of the participants or their legal representatives was obtained and the study protocol was approved by the appropriate Committees for the Protection of Human Participants, by all universities and agencies involved in the seven separate studies this paper comprises.
For specific committees, university/approval agencies, approval dates and protocol numbers please refer to Table 2 .
Merging the data
Prior to merging the data from the seven studies into one database, a preliminary feasibility assessment was performed to ensure that it was appropriate to combine the datasets. The original questionnaire from each study was compared to ensure questions and question wording yielded the same type of information.
While all data had been previously cleaned and coded by their respective investigators, each individual dataset was reexamined to ensure all data were entered and coded correctly. of the responses within the merged dataset. These responses were compared back to the original dataset to ensure there were no errors during the merging process.
Data collected

Tap water consumption
Participants were asked how many 250 ml servings of tap water they consumed, either in the previous 24-hour period (three of seven studies) or on an average day (four of seven studies). The former studies provided a detailed description to inform participants that 'tap water included plain water, as well as cold beverages (not coffee or tea) made with water, including frozen juices and crystal drink mixes', while the latter provided a more general description to inform participants that 'tap water is water directly from the tap (not treated in the home)'. All studies also 
Bottled water consumption
Participants were asked in all seven studies to report their consumption of bottled water. The term 'bottled water use' or 'bottled water user' was used to refer to a participant if 75% or more of their total daily water intake consisted of bottled water.
In-home water treatment
All seven studies included questions on the use of in-home water treatment, including the specific treatment method(s) employed. Each study provided participants with a list of in-home water treatment methods to choose from, including an 'other' category if none of the options was applicable.
The specific treatment methods available were: jug filter, tap filter, water softener, boiling, reverse osmosis, in-line filter, fridge filter, ultraviolet disinfection, iron removal, add chlorine/javex, ozone disinfection and candle filter. Participants were given the option to report the use of more than one treatment method, if applicable.
Demographic variables
In each of the seven studies, participants reported demographic information, including gender, age, education level, household income, and the cultural group with which they most identified. The province that each participant resided in was also recorded. 
RESULTS
Representativeness of the study population
A total of 27,426 residents were contacted and eligible for inclusion in the seven studies, of which 8,974 completed surveys; hence, the overall response rate for this study was 32.7% (8,974/27,426) . Statistical comparisons between the demographic characteristics of the study population and the 2006 census data on the Canadian population (Statistics Canada ) are shown in Table 3 . Overall, survey participants were more likely to be of North American ethnicity, female, older, university educated and have a lower household income compared with the overall Canadian population.
Descriptive results (tap and non-tap water users)
Responses for the type of drinking water consumed per day were received from 99.4% (8,916/8,974) Table 4 . Jug filter use was the most common method employed by both tap and non-tap water users (55.5 and 39.9%, respectively).
Comparing tap and non-tap water users
The chi-squared analyses comparing tap water users (n ¼ 6,325) and non-tap water users (n ¼ 2,591) with respect to demographic factors, bottled water use and inhome water treatment are shown in Table 5 . Tap and non-tap water users did not differ by gender (X 2 ¼ 0.06, p ¼ 0.80); however, they did significantly differ for all other variables (p < 0.01).
Daily volume of tap water consumed (among tap water users)
In total, 29% (2,591/8,916) of participants were excluded from the analyses pertaining to tap water consumption because they did not drink any tap water, resulting in a total of 6,325 tap water responses for analysis.
The daily volume of tap water consumed among tap water users ranged from 0.03 to 9.0 L, with a mean value of 1.2 L per day (Table 6 ). The summary statistics and unconditional analyses of the associations between the volume of tap water consumed per day and bottled water use, in-home water treatment and demographic variables are provided in Table 7 .
The final multivariable model, for which a log 10 transformation was applied to the outcome (L of water consumed per day), was significant (F ¼ 35.95; p < 0.0001),
with an adjusted R 2 value of 10.8% (Table 8) . When all other variables in the model were held at their referent categories and the in-home water treatment coefficient was back-transformed from the log 10 scale and converted from mL to L, participants that treated their tap water using an in-home water treatment method consumed 0.0013 L more gender was significant (p < 0.0001); its association with the outcome is depicted in Figure 1 . Generally, while all other variables were held constant, female participants in all age categories over the age of 29 years consumed more tap water than male participants. An interaction term between age and bottled water use was also significant (p ¼ 0.006) and its association with the outcome is depicted in Figure 2 . Generally, while all other variables were held constant, tap water consumption among non-bottled water users was relatively constant, regardless of age, while tap water consumption among bottled water users generally decreased with age. As expected, bottled water users consumed less tap water than non-bottled water users, regardless of age.
DISCUSSION Daily volume of tap water consumed (among tap water users)
The daily volume of tap water consumed among participants in this study was highly variable (0.03 to 9.0 L/day), which may reflect the true variation in water consumption patterns among Canadians. Estimates of water consumption vary by study and geographic location, and previous studies have From the final multivariate model, a significant interaction was observed between age and gender on the daily volume of tap water consumed among tap water users. For Larger than number of participants that treat tap water, as some participants used more than one treatment method. consistently drank more tap water than male participants.
While these findings are supported by Westrell et al. Here, age and gender were associated with tap water consumption and were part of a significant interaction; therefore, they must be considered together. Owing to differences in the published literature, it is clear that the associations between tap water consumption, age and gender must be further explored in order for this information to be used effectively in risk assessments or public health surveillance initiatives.
While understanding the factors that influence an individual's consumption of water is important, the purpose of this study was not to predict consumption to the time at which they filled out the survey. Therefore, the results of this study should not be used to predict tap water consumption, but rather to understand associations between the explanatory variables and the amount of tap water consumed daily.
Consumption from alternative water sources
Bottled water consumption
Among tap water users, a significant interaction was observed between age and bottled water use on the daily volume of tap water consumed. As expected, bottled water users consumed less tap water than non-bottled water users, regardless of age. The association between age, bottled water use and tap water consumption in this study may represent a type of cohort effect. Generally, older individuals consumed less bottled water than younger ones, which is very similar to trends observed in a recent Canadian study (Dupont et al. ) . However, it might be 
In-home water treatment
The use of an in-home treatment method for drinking water was significantly associated with increased consumption of tap water among tap water consumers. Almost half of the participants in this study (both tap and non-tap water consumers) reported the use of in-home treatment methods for their tap water. Among tap water consumers exclusively, slightly more than half of the participants reported treating The higher proportion of treatment use reported in our study compared with these other studies may be due to temporal differences in the study periods, as well as geographic location. The increased production of low-cost, readily available treatment devices may also be responsible for the higher use observed in this study (Health Canada b) .
In addition, the marketing of these devices and their Clasen & Menon ). Thus, while consumers using such devices may feel more at ease consuming tap water, they may not necessarily be at a lower risk of exposure to waterborne contaminants. In addition, the misuse of these devices in the home may actually increase the risk of exposure to waterborne pathogens for consumers (Health Canada b) . Therefore, as the use of specific types of in-home treatment device has the potential to affect the risk of exposure to contaminants for consumers differently, risk assessments should also make attempts to identify the use of specific types of treatment device. A failure to account for the use of in-home water treatment methods may subsequently result in over-or under-estimations of an individual's risk of waterborne illness.
Study design
This study involved the use of a pooled analysis to assess the drinking water consumption patterns of Canadian residents.
This pooled analysis is similar to a meta-analysis in that multiple studies are combined, but the pooled analysis involves the use of the raw data from the individual studies, not just the reported findings. National surveys are the preferred method to accurately identify the patterns and trends pertaining to drinking water consumption, as they provide more representative estimates of the population of interest.
However, the method employed in this study is likely the next best approach, since it is cost effective, less time consuming and provides useful estimates.
As the seven studies were performed independently of one another, there were differences in certain aspects of the study design. While all seven studies took random samples of their respective sampling populations, the data collection methods were slightly different. Two of the seven studies used postal surveys to obtain participant information, while the other five studies gathered information using telephone surveys. Other than research costs and the length of the data collection period, the decision to employ either a postal survey versus a telephone survey in each study was made in order to choose the most contextually appropriate method for the study. For example, because of a lower literacy rate in Newfoundland and Labrador a telephone survey was employed. There were also differences in the style of questions asked by the investigators, which may be a source of measurement error (information bias) in this study.
As is common when pooling data from multiple studies, were replaced with a discrete value, which was calculated using the mean of the continuous data for that range.
While this method allowed specific water consumption values to be reported, it is important to note that a portion of the data included in the outcome are not specific to the individual. However, this change allowed for the inclusion of valuable water consumption data that would otherwise be removed because of inconsistencies in data type. Therefore, the pooled estimates here are reported as specific values; however, as a portion of the data consists of discrete values, our ability to generalize these findings to the target population may be affected.
Similarly, asking how much tap water a participant con- consumption data and concluded that while the diary method was the preferred method, the 24-hour recall method is the next best alternative.
As the seven studies constituting the current study were all cross-sectional in nature, it is difficult to identify whether an observed association is the result of a cohort or a period effect, and, therefore, only hypotheses regarding trends can be made. As an individual's day-to-day water consumption patterns are variable, and the trends that affect these patterns change over time, periodic follow-up to identify changing trends in water consumption patterns is recommended.
Limitations
One of the limitations of this study was that seasonal effects on daily tap water consumption were not taken into account. While the seven surveys were conducted over a wide range of dates and months, the variation in water consumption between seasons was not considered as a predictor variable in any of the studies. Most importantly, there was a lack of consumption data through the summer months, where one might expect an increase in water con- 
